Object. The authors compared the effectiveness of instrumented posterior lumbar interbody fusion (iPLIF) and instrumented posterolateral fusion (iPLF) for the treatment of low-back pain (LBP) due to degenerative lumbar disease.
F usion of the lumbar spine is a widely used strategy for reducing pain and disability in patients with LBP. Instrumented PLF and iPLIF are common choices among the various techniques available. Many studies have compared these approaches regarding technical demands, radiological outcomes, and clinical results. 15, 25, 44 Theoretically, iPLIF is considered a better approach than iPLF. The advantages of iPLIF are anterior column support of the vertebral body, maintenance of intervertebral disc height, indirect nerve root decompression, restoration of lumbar coronal and sagittal balance, and removal of the disc that may be a source of back pain.
Furthermore, the interbody space provides an optimal fusion bed, increasing the chances of a solid fusion, and the differentiation of fusion and pseudarthrosis is easier with iPLIF than iPLF. 40, 56, 66 Despite numerous publications, 1,2,4,9,10,15,20,22,25,30,31,34-37, 41,43-45,59-61,66,69,72 the scientific evidence in favor of iPLIF remains weak. Inconsistent outcomes have made it difficult to reach a consensus on the optimal fusion technique. The goal of this study was to evaluate the effectiveness of iPLIF and iPLF for patients with LBP due to degenerative lumbar disease and to determine whether conclusions can be made with regard to the better option for the 2 fusion methods in the lumbar spine.
Meta-analysis of instrumented posterior interbody fusion versus instrumented posterolateral fusion in the lumbar spine A review
Methods

Literature Search and Inclusion Criteria
We performed an electronic search of Medline (through PubMed), Ovid (BIOSIS Previews included), and the Cochrane Central Registry of Controlled Trials, up to December 2009. We had no access to Embase and assumed it would provide few additional references if a comprehensive retrieval was performed in the aforementioned databases. 55 A manual search of Spine, European Spine Journal, and the American and British versions of Journal of Bone and Joint Surgery was also performed to identify additional studies, and the reference lists of selected studies were explored.
The search strings are given in Table 1 . A combined retrieval strategy of a sensitive search for study design and specific search for both spinal disorders and interventions was adopted. Strings within the dimensions were connected with the Boolean logic word "OR" except for spinal disorders whose strings were combined as ([spinal diseases AND lumbar vertebrae] OR low-back pain), and strings between the dimensions were connected with "AND." The same strategy was used in the different databases, and if possible the species was restricted to humans and the age was restricted to adults older than 18 years. No linguistic restriction was imposed on the search as recommended by the Cochrane Back Review Group editorial board. 23 Only RCTs and comparative observational studies that investigated iPLIF and iPLF in the lumbar spine were used. Review articles were excluded. Articles were selected on the basis of the following criteria: 1) the indication for surgical treatment was LBP with or without radicular pain that failed to respond to conservative treatment; 2) each intervention group had a sample size of 10 or more patients; 3) the interventions were iPLIF and iPLF, and the description was sufficiently detailed to be reproduced (items included application of decompression, type of internal fixation, and graft materials); and 4) at least one desirable outcome was reported. Studies with patients who had acute spinal fracture, infection, tumor, osteoporosis, or rheumatoid arthritis were excluded.
Two of the authors (Z.Z., F.Z.) independently applied the inclusion criteria to select the potentially appropriate trials from the titles and abstracts of the references retrieved by the search. Items for which inclusion/exclusion could not be decided on the basis of titles and abstracts were retrieved in full-text version for second-round selection. Disagreement between investigators was resolved by discussion, and a consensus was attempted. If disagreement persisted, an independent colleague was consulted.
Methodological Quality Assessment
Two investigators independently evaluated the methodological quality of the included trials, and the scores each investigator arrived at were compared. Any disagreement was eliminated by discussion between the investigators, and if necessary, by consulting a third colleague. We chose the checklist by van Tulder and colleagues, 23, 64 which is intended to evaluate the methodological quality of RCTs. Evaluation of the comparative observational studies was performed with the checklist used by Cowley, 6 which has 3 scores for trials classified as RCTs, non-RCTs, and noncontrolled studies. The items of the van Tulder and Cowley checklists are presented in Tables 2 and 3 . The items were scored with "yes," "no," or "unsure." A van Tulder score of 6 or more out of a possible 12, or a Cowley score of 9 or more out of a possible 17, was considered to reflect "high methodological quality."
Data Extraction
Data were extracted by 2 investigators (Z.Z, F.Z.) independently, and again a consensus was attempted. The data extracted to describe characteristics of the investigations were study design, characteristics of participants, interventions, number of participants allocated to each intervention group, follow-up rate and period, and outcomes.
Outcomes extracted from the studies were categorized into primary and secondary outcomes. 23 Primary outcomes were the global assessment of clinical outcome and the complication rate. "Excellent," "very good," "much better," "successful," "better," "good," "satisfied," or other similar appraisal was considered a satisfactory clinical result, whereas "fair," "slightly satisfied," "unchanged," "slightly dissatisfied," "poor," "worse," "unsuccessful," "failure," or other similar appraisal was considered an unsatisfactory clinical result. Secondary outcomes were fusion rate, reoperation rate, operating time, blood loss, postoperative intervertebral disc height, spinal alignment, and adjacent-segment disease. 
Data Analysis
Meta-analysis was performed on the extracted data with RevMan 5.0 software (Cochrane IMS). Although the random-effects model cannot explain or remove heterogeneity, it was used rather than the fixed-effect model because it was considered to be more suitable for the statistical combination of LBP trials. 23 In a random-effects model, odds ratio, 95% confidence interval, and probability value were calculated for dichotomous variables, and mean difference, 95% confidence interval, and probability value were calculated for continuous variables when the measurement scales of outcomes in all included trials were uniform. Standardized mean difference, 95% confidence interval, and probability value were calculated when one outcome was assessed in different ways in different trials. A level of p < 0.1 was considered statistically significant. The Q-and I 2 -statistics were used to test for statistical heterogeneity. 28, 29, 38 The Q-statistic tested the null hypothesis that all studies shared a common effect size with minimal dispersion of the effect size across studies. An I 2 value less than 25% was considered homogeneous, an I 2 -statistic between 25% and 50% as low heterogeneity, an I 2 -statistic between 50% and 75% as moderate heterogeneity, and an I 2 -statistic above 75% as high heterogeneity. 29 The quality of the evidence was evaluated using a rating system with 4 levels recommended by the Grading of Recommendations Assessment, Development and Evaluation Working Group. 23 Previous reports have noted that the disease etiology in and of itself may affect the outcomes; for instance, patients with isthmic spondylolisthesis often have a better outcome with fusion than with instrumented fusion in the setting of degenerative disease. 39 Therefore, we performed a chi-square test of the preoperative etiology distribution between the 2 intervention groups for each result. A chi-square test showing no significant difference indicated equilibrium of the etiology distribution, and if so its effect on the results was eliminated; otherwise the effect was weighed. Furthermore, subanalysis of outcomes for specific diseases was performed if applicable to determine whether there were different results for different diseases.
Results
Search Results
The consecutive searches resulted in 1793 trials in Medline, 1754 in Ovid, and 219 in the Cochrane Central Registry of Controlled Trials. After the duplicate studies were excluded and 2 studies identified by manual search were added, a total of 3279 trials were obtained. Finally, we had a total of 9 eligible studies, consisting of 3 RCTs 4, 30, 35 and 6 comparative observational studies, 9, 10, 34, 36, 43, 72 involving a total of 636 patients (Fig. 1) . In an included RCT, 30 a case of trauma was enrolled in the iPLIF group, yet the trial was selected considering the small effect of this case (1 of 22) . Three possible comparative observational studies were excluded. In one study, 15 the comparison was actually between an iPLF group and a mixed intervention group of iPLIF and combined instrumented fusion of PLIF plus PLF, and the data for iPLIF could not be extracted from the mixed group. In another, 2 the outcomes of the 2 interventions could not be abstracted separately because only an overall result of all the participants was reported. In the third, 69 the participants in the 2 intervention groups involved a considerable number of cases with diseases other than a degenerative spine, such as spinal fracture and pseudarthrosis. Studies that compared iPLF with combined instrumented fusion of PLIF plus PLF were also excluded. 1, 20, 22, 25, 37, 41, 44, 45, 61 We considered these better classified as comparisons of iPLF with circumferential fusion.
The characteristics of the 9 included trials are summarized in Table 4 . All participants had a history of LBP with or without radicular pain. Cheng et al. 4 and Inamdar et al. 30 recruited patients with symptomatic spondylolisthesis. Patients in the study by Kim et al. 35 had degenerative lumbar disease and disabling back and/or leg pain with or without neurological symptoms refractory to at least 6 weeks of conservative treatment. Of the 6 comparative observational studies, 4 selected patients with spondylolisthesis, among which, 1 specified degenerative spondylolisthesis, 72 1 isthmic, 10 and the remaining 2 mixed degenerative and isthmic. 9, 36 Kanayama et al. 34 included patients with various types of degenerative lumbar disease, LBP, and sciatic symptoms and whose condition was unresponsive to conservative treatment. Ma et al. 43 enrolled patients with intractable discogenic LBP and undertook iPLIF or iPLF. Detailed information on study design, characteristics of participants, follow-up, interventions, and outcomes is listed in Table 4 .
Results of Methodological Quality Assessment of Included Studies
Methodological quality assessment of the 9 RCTs and comparative observational studies is given in Tables  2 and 3 . The van Tulder scores for the 3 RCTs ranged from 5 to 7 of 12. Among the RCTs, 2 received van Tulder scores of 6 or higher and, therefore, were of "high methodological quality." The most notable methodological shortcomings were uncertainties regarding randomization, concealment allocation, and blinding procedures, with only 2 "Yes" items for the 3 RCTs: a blinded outcome assessor in the trial by Cheng et al. 4 and blinded patients in the trial by Kim et al. 35 The Cowley scores for the 6 comparative observational studies ranged between 7 and 13 of 17. Four of these studies 9, 10, 36, 72 received Cowley scores of 9 or higher and, thus, represented "high methodological quality."
Meta-Analysis Results
The chi-square test of the preoperative etiology distribution for each extracted result showed no significant difference between the 2 surgical groups (Table 5) , eliminating the effect of this potential confounding factor. Because 6 studies enrolled patients with various diseases and did not provide results for each etiology, subanalysis for specific diseases could not be conducted. Subanalysis was performed in the remaining 3 studies, which included patients with only 1 type of disease.
There was no significant difference in the rate of achieving a satisfactory clinical outcome between the procedures (OR 1.51, 95% CI 0.71-3.22, p = 0.29). A total of 120 (89.6%) of 134 patients were satisfied with the surgical outcome in the iPLIF group compared with 117 (85.4%) of 137 in the iPLF group.
The odds ratio of achieving effective LBP and leg pain relief with iPLIF was not higher than with iPLF (OR 1.08, 95% CI 0.44-2.69, p = 0.86; OR 1.11, 95% CI 0.33-3.70, p = 0.87; respectively). The overall ratings by patients who recovered from LBP and leg pain were 75.0% (42 of 56 patients) and 83.3% (30 of 36 patients), respectively, with iPLIF compared with 74.0% (37 of 50) and 81.6% (31 of 38) with iPLF. Subanalysis showed that patients with discogenic back pain 43 tended to benefit more from iPLIF for back pain reduction; however, this trend was also not significant (OR 1.88, 95% CI 0.27-13.09, p = 0.53).
There was a nonsignificant trend toward a lower complication rate following iPLIF compared with iPLF (OR 0.55, 95% CI 0.16-1.86, p = 0.34). Sensitivity analyses revealed inconsistent trends for both subgroups of RCTs and comparative observational studies, with the former showing a comparable outcome (OR 1.21, 95% CI 0.09-17.26, p = 0.89) and the latter a significantly lower rate with iPLIF (OR 0.32, 95% CI 0.10-1.03, p = 0.06). The analysis of heterogeneity revealed an overall I 2 -statistic score of 70%, with I 2 scores of 83% and 41% for the 2 subgroups, indicating substantial heterogeneity that was especially high in the RCTs. The heterogeneity was related to opposite effect directions and varying effect strengths; the studies by Cheng et al. 4 and Dehoux et al. 10 demonstrated substantially lower complication rates with iPLIF, whereas the study by Inamdar et al. 30 demonstrated a considerably higher rate. Subanalysis showed a trend toward lower odds ratios for patients with isthmic spondylolisthesis (OR 0.10, 95% CI 0.02-0.53, p = 0.006). 10 In the secondary outcomes, the odds ratio of the fusion rate was higher in the iPLIF-treated group (OR 2.60, 95% CI 1.35-5.00, p = 0.004). The overall fusion rate was 95.1% (range 92.6%-100%) in the iPLIF group and 88.0% (range 68.0%-100%) in the iPLF group. The same trends were revealed by sensitivity analyses in both subgroups of RCTs (OR 2.44, 95% CI 1.01-5.87, p = 0.05) and comparative observational studies (OR 2.82, 95% CI 1.06-7.50, p = 0.04). Subanalysis revealed the odds ratio for patients with isthmic spondylolisthesis was even higher, favoring iPLIF (OR 5.88, 95% CI 1.11-31.17, p = 0.04), whereas the odds ratio for patients with discogenic back pain showed no significant difference between the groups (OR 1.14, 95% CI 0.07-20.02, p = 0.93).
Although the odds ratio of the reoperation rate was lower in iPLIF-treated patients (OR 0.20, 95% CI 0.03-1.29, p = 0.09; overall rate 2.6% vs 14.5%), this difference was not supported by either subgroup of RCTs or comparative observational studies (OR 0.21, 95% CI 0.01-4.48, p = 0.32; OR 0.15, 95% CI 0.01-3.48, p = 0.24; respectively). This inconsistency resulted from the diversity of effect size of the trials, which was revealed by a moderate heterogeneity (I 2 Score 73%) in the comparative observational studies subgroups. The sole trial by Dehoux et al. 10 that only included patients with isthmic spondylolisthesis demonstrated a distinctly strong effect of lower revision rate following iPLIF (OR 0.03, 95% CI 0.00-0.49, p = 0.01).
No differences were found between the 2 interventions with regard to blood loss (weighted mean difference -179.63, 95% CI -516.42 to 157.15, p = 0.30) and operating time (weighted mean difference 8.03, 95% CI -45.46 to 61.53, p = 0.77), with the included trials presenting opposite effect directions that were responsible for the high heterogeneity (I 2 scores 92% and 90%, respectively). The mean blood loss and operating times were 700 ml and 189 minutes for iPLIF and 994 ml and 193 min for iPLF. The results of the meta-analysis are presented in Figs. 2-9 .
Other Results
The indexes applied to assess the improvement in symptoms and functional disability varied among the selected trials, such as the visual analog scale and Prolo Scale Functional Score for evaluating pain, as well as the Roland-Morris Disability Questionnaire, Oswestry Disability Index, and Prolo Scale Economic Score for evaluating back-specific functional status. Statistical pooling for comparing pain reduction and functional improvement between the 2 fusion techniques was not feasible because of these nonuniform indexes and insufficient data. However, significant improvement in pain scores and functional status postoperatively was identified for both interventions.
Radiologically, Kim et al. 35 found that both iPLIF and iPLF significantly increased postoperative intervertebral disc height, and the increment was more remarkable following iPLIF than iPLF. However, the disc height showed a significant decrease during follow-up compared with that immediately after surgery. For iPLF, the disc height at the last follow-up decreased almost to the preoperative level, whereas that of iPLIF remained approximately 1.5 times that of the preoperative disc height, indicating the relatively better effect of the latter. Kim et al. also found a clear tendency toward restoration of segmental angle and lumbar lordotic angle following iPLIF, but not after iPLF. Kanayama et al. 34 found that the prevalence of adjacent-segment disease was higher in the iPLIF group, and also the interval between surgery and adjacent-segment disease occurrence was shorter, with more frequent adjacent-level instability and supplemental fusion required, although none of these differences reached significance. The immediate rigidity produced by iPLIF presumably causes more stress and thus leads to accelerated degeneration of the neighboring levels, as suggested by Cunningham et al. 7 and Sudo et al. 59 We found the following: 1) moderate-quality evidence from 3 RCTs 4,30,35 (279 patients) that there was no statistically significant difference in the global assessment of clinical outcome between iPLIF and iPLF; 2) strongquality evidence from 2 RCTs 4,35 (257 patients) that both procedures effectively reduced pain and improved functional disability; 3) moderate-quality evidence from 2 RCTs 4,35 (257 patients) that iPLIF achieved a statistically higher fusion rate than iPLF; 4) moderate-quality evidence from 1 RCT 35 (119 patients) that both procedures increased the postoperative intervertebral disc height; and 5) moderate-quality evidence from 1 RCT 35 (119 patients) that iPLIF significantly restored the segmental and lumbar lordotic angles, but iPLF did not.
Discussion
Despite many studies on iPLIF and iPLF, there is still debate on the preferred fusion method for the degenerative lumbar spine. The current meta-analysis, with the best evidence from 9 identified comparative studies, was performed to compare the outcomes of these fusion techniques, following the recommended specifications of the Quality of Reporting of Meta-analyses statement 48 and the Meta-analysis of Observational Studies in Epidemiology group 58 and the method guidelines for systematic reviews on back pain proposed by the Cochrane Back Review Group. 23 The combination of RCTs and comparative observational studies is becoming increasingly common in the evaluation of health care. Well-designed observational studies are believed to be beneficial complements to the findings of RCTs. 58, 65 They may dilute the selection bias of RCTs produced by the rigorous criteria for selecting participants. Furthermore, the weak point common to observational studies, that patients may be allocated to a designated treatment group according to their diagnosis, was controlled in the studies included in our analysis. Almost all of these non-RCTs attempted to balance the intervention groups for possibly important prognostic indicators, such as age, sex, pain and functional status, type and degree of pathology, involved segments, and smoking status. Also, we conducted a chi-square test comparison of the preoperative disease distributions for the 2 intervention groups for each extracted result and found no significant differences, thus precluding this potential confounding factor. We also took some measures in this meta-analysis to address the limitations of the observational studies, including limiting eligibility criteria, evaluating methodological quality, and performing heterogeneity and sensitivity analyses and subanalyses.
The strength of this analysis was that we gathered information from the relevant studies with the highest level of evidence. Additionally, we did not set any lin- guistic limitations on the literature search and selection to avoid language bias. Moreover, we searched multiple databases (Medline, Ovid, and Cochrane Central Registry of Controlled Trials), and carried out a manual search of the major journals in the specialty, when the references to the identified studies were added. Consequently, postpublication bias was expected to be minimized.
This study had several limitations. The small number of included trials decreased the quality of evidence and the power of the subgroup analyses. There was potential publication bias because we only retrieved published literature in peer-reviewed journals, but we were not able to evaluate this because of the relatively few included studies. Next, randomization, allocation concealment, and blinding were not fully performed in the 3 RCTs. Inadequate blinding and concealment of the allocation are reported to produce 15% and 30% overestimation of treatment effects, respectively. 14 In addition, there may be incorporated heterogeneity due to different study designs, varied participant characteristics, inconsistent criteria used to measure fusion status and other indexes, or variations in specific types of surgery and adjunctive internal fixation devices and interbody grafts. For instance, different interbody grafts were used for iPLIF. Though they all acquired desired outcomes, there might be differences with respect to arthrodesis rate and clinical results. 32, 52, 70 Therefore, the pooled odds ratios should be treated with caution.
The application of spinal fusion surgery for degenerative lumbar diseases was extended from its initial indications for infectious conditions, adolescent scoliosis, and trauma, based on the concept that LBP and radiculopathy are caused by disc degeneration and consequent instability. 11, 12 Instrumented PLF has become popular in the treatment of refractory LBP since its introduction several decades ago. It has been reported to be of clear benefit in pain reduction and functional improvement for patients with varying pathological types of degenerative lumbar disease. 19, 21, 27, 31 Advances in internal fixation of the spine have led to the widespread use of pedicle screws to stabilize PLFs. Adjunctive transpedicular instrumentation not only appears to increase the fusion rate but is also likely to slow the progression of spondylolisthesis, 47, 71 although an improvement in clinical outcomes with such fixation has not been well verified, and the increased risk of complications should be weighed. 3, 18, 62 Instrumented PLF is favored by many surgeons because promising outcomes are achieved with relatively low surgical risks and technical demands. 19, 54 Despite numerous merits, iPLF does not provide sufficient anterior column support and leaves in place the disc that may produce postoperative pain and recurrent spinal instability. By replacing the disc with interbody grafts, iPLIF was introduced to address the disadvantages of iPLF. The advantages of iPLIF seem apparent from the biomechanical, anatomical, and physiological viewpoints, and a higher fusion rate is achieved. 4, 10, 66, 69 Another advantage of iPLIF is fewer instrumentation-related complications such as loosening or breakage of the screws, which may lead to failure of surgery or even reoperation. Jutte and Castelein 33 and Enker and Steffee 16 concluded that restoring the anterior column support prolongs the life of the hardware used to augment lumbar arthrodesis. In addition, PLIF with the help of adjunctive internal fixation to evacuate and distract the disc space has been reported to be effective for reducing vertebral slippage, restoring lumbar segmental lordosis, and providing good stability to allow solid fusion. Having achieved satisfactory clinical outcome and fusion rate, iPLIF is therefore preferred for managing high-grade spondylolisthesis. 10, 57 However, iPLIF is conventionally associated with increased blood loss, prolonged operating time, and a higher intraoperative complication rate, particularly a high risk of postoperative leg pain due to retraction of the nerve root and thecal sac when inserting interbody grafts. 8, 22, 42 Furthermore, its recognized advantages do not seem to translate into a more satisfactory clinical outcome. 4, 10, 15 Disputes exist as to whether iPLIF is superior to iPLF, given that its advantages of better biomechanics and higher fusion rate have been widely accepted whereas its superiority in clinical outcome has not been clearly identified and higher surgical risks may follow.
The present analysis revealed that there were no significant differences in clinical outcome between the 2 surgical interventions, and both were effective in reducing back and leg pain. However, it may be surprising that iPLIF showed a nonsignificant trend toward a lower complication rate and that the amount of blood loss and duration of operating time of iPLIF did not exceed those of iPLF. As expected, there were fewer hardware failures or graft material migrations (OR 0.20, 95% CI 0.06-0.64, p = 0.007) with iPLIF. Interestingly, however, in terms of complications related to retraction on the thecal sac and nerve roots such as dural leakage and neural palsy, the 2 fusion techniques yielded comparable results (OR 1.08, 95% CI 0.40-2.96, p = 0.88). The aid of pedicle screw instrumentation to facilitate the technical operation, the use of engineered interbody devices, and the continuously modified and refined surgical techniques such as minimization of the amount of neural retraction required are supposed to contribute to the lowered operative risks for iPLIF, 13 as well as to reduced operating time and blood loss. Furthermore, the avoidance in iPLIF of broad dissection of paraspinal musculature also presumably leads to reduced bleeding. One more thing should be noted: there were no uniform criteria for defining complications among the included trials. For example, some trials treated nonunion as a postoperative morbidity, 35 ,36 while others did not. We did not distinguish major from minor complications. Nevertheless, we calculated the rate of reoperation due to postoperative morbidity, which may more or less represent the major complications. The reoperation rate was statistically lower with iPLIF (OR 0.20, 95% CI 0.03-1.29, p = 0.09).
A higher fusion rate with iPLIF, however, was identified in the current analysis. As one of the main goals that surgeons pursue, solid fusion is always of close concern, as well as clinical outcome. Some authors believe that once the unstable segment is successfully fused, mechanical back pain due to a pars defect, degenerated intervertebral disc, or facet arthropathy can be reduced, which may contribute to good functional outcomes. 5, 63, 68 However, nonunion and its associated complications, such as fatigue failure of the internal fixation device, may result in postoperative recurrent back pain or even failure of the surgery and reoperation if necessary, thus preventing a satisfactory outcome. 35, 51, 53 Therefore, successful arthrodesis probably points to a satisfactory clinical outcome. Recently, increasing numbers of studies have focused on the relationship between fusion rate and clinical outcome. Yu et al. 70 found that successful fusion status is associated with better functional outcome and better satisfaction in a retrospective study of iPLIF in adult spondylolisthesis, similar to the findings of other investigators. 5, 63, 68 The fact that iPLIF appears to give a better chance of successful spinal arthrodesis may indicate a clinical advantage. However, the results are conflicting, 18, 35 and further research is required.
We attempted to determine whether iPLIF generates less back pain postoperatively, but for the lack of data we were unable to. Generally, removal of the disc that is a possible pain source, reduced dissection, and reduced surgical traumatization of the posterior paraspinal musculature, as well as a higher probability of post-iPLIF solid arthrodesis are considered to decrease the probability of back pain after surgery. 17, 19, 63, 67, 68 However, based on the limited information provided by the 2 included RCTs, 4, 35 the postoperative back pain scores for iPLIF and iPLF were similar, although a direct comparison could not be conducted to assess whether there were any statistical differences between them.
In terms of adjacent-segment disease following lumbar fusion, iPLF may be preferred to iPLIF, but differences in the prevalence and interval between surgery and adjacent-segment disease were nonsignificant, and strong evidence was absent. Although biomechanical changes in the adjacent segments are more extensive in iPLIF cases according to many animal and human cadaveric experiments, the findings of clinical studies are contradictory. 24, 26, 46, 49, 50 Therefore, it cannot be determined whether the fusion methods differ in relation to adjacent-segment disease.
We also found that different etiologies may be associated with different outcomes. Subanalyses showed that patients with isthmic spondylolisthesis had markedly lower complication-rate and reoperation-rate odds ratios than those with other degenerative diseases, which indicated that the results were partly affected by etiology. Similarly, discogenic back pain, compared with other diseases, weakened the advantage of iPLIF's higher fusion rate, although it was associated with a higher odds ratio for the back pain recovery rate. Despite all these factors, the potential confounding factor of preoperative etiology distribution was considered not to affect the trends of the results in the present study because the study was balanced in the 2 intervention groups for each analyzed result ( Table 5) .
The pooled outcome with iPLIF was not inferior to that with iPLF. Because there was no significant difference in clinical outcomes according to surgical techniques, no definite conclusion can be drawn as to which fusion method is more effective. However, considering that iPLIF achieved the benefits of higher fusion rate and lower reoperation rate with the same cost of operating time, blood loss estimate, and complication rate, it might be given preference. More RCTs of high quality are urgently needed to strengthen the quality of evidence and contribute information to complement these findings.
Conclusions
No significant differences were found in clinical outcome, complication rate, operating time, and blood loss between iPLIF and iPLF. Both procedures were effective in reducing pain and improving functional disability. However, iPLIF had the advantages of achieving higher fusion rate, lower reoperation rate, and better capacity for restoration of spinal alignment.
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